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1. Enclosed are f i v e  (5) copies  of a paper . e n t i t l e d  

"Nonlinear Theory of E l a s t i c  Surfaces" which appeared i n  ' 

t h e  Jou rna l  of Mathematical Physics ,  Vol. 7 ,  No. 2 ,  

February 1966. 

The summary of t h i s  work reads :  

The present  paper develops a nonl inear  theory I 1  

f o r  t h e  deformation o f  an e las t ic  su r face  by assuming 

the  ex i s t ence  of a s t ra in  energy func t ion  and 

p o s t u l a t i n g  a p r i n c i p l e  of v i r t u a l  work which govLrns 

i t s  mechanical behavior. 

energy func t ion  t o  depend on t h e  f i r s t  and second o rde r  

deformation g rad ien t s ,  t h e  f i e l d  equat ions and the 

By cons ider ing  t h e  s t r a i n  

genera l  c o n s t i t u t i v e  r e l a t i o n s  are obtained.  I n  

a d d i t i o n  t o  t h e  conventional couple stresses, t h e r e  

are shown t o  e x i s t  e n e r g e t i c a l l y  undetermined double 

stresses without  moment." 

The paper p r e s e n t s ,  t he re fo re ,  a r e l a t i v e l y  s imple,  i so-  

thermal ,  nonl inear  theory of s h e l l s .  It i s  be l ieved  t h a t  

t h i s  theory will be r e a d i l y  amenable t o  mathematical s o l u t i o n  

of important phys ica l  problems. 

This paper was scheduled t o  appear  i n  January 1966. 

Actual  pub l i ca t ion  was delayed a month. 

2 .  The r e s u l t s  of the February 1966 paper w e r e  extended 

and l e d  t o  t h e  development of a new,  more genera l  and exac t  

nonl inear  e las t ic  theory of s h e l l s  undergoing isothermal  

deformations.  This work was recorded i n  a paper t i t l e d  

A Nonlinear Theory of E l a s t i c  Directed Surfaces ,"  and w a s  11 
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submitted and accepted f o r  pub l i ca t ion  i n  t h e  Jou rna l  of 

Mathematical Physics.  

c o r r e c t i o n  of the  g a l l e y  proofs  which has cont r ibu ted  t o  t h e  

de l ay  i n  t h e  appearance of t h i s  r e p o r t .  Enclosed are f i v e  (5) 

We have r e c e n t l y  completed our  

copies  of t h e  co r rec t ed  proofs of t h i s  paper t he  a b s t r a c t  of 

which reads :  

The present  paper develops a nonl inear  theory f o r  1 1  

t h e  deformation of  an e l a s t i c  d i r e c t e d  su r face  by assuming 

t h e  existence of a s t r a in  energy func t ion  and p o s t u l a t i n g  

a p r i n c i p l e  of v i r t u a l  work which governs i t s  mechanical 

behavior.  The equations of equi l ibr ium and t h e  boundary 

condi t ions  a r e  shown t o  involve both  t h e  c l a s s i c a l  stress 

as w e l l  as the  double stress. C o n s t i t u t i v e  equat ions 

are de'rived which give t h e  s t r e s s  and double stress as 

func t ions  of a complete set  of s t r a i n  measures which 

desc r ibe  t h e  deformation of d i r e c t e d  su r faces . "  

Repr in ts  of t h e  paper have been ordered and w i l l  be s e n t  t o  

NASA as soon as  they become a v a i l a b l e .  

3 .  Work continued on t h e  thermodynamic problem i n  which 

t h e  su r face  experiences a high temperature rise. The 

Helmholtz' free enetgy funct ion w a s  introduced as w e l l  as t h e  

entropy dens i ty  and the  heat  f l u x  vec to r .  Two p o s t u l a t e s  

which a r e  extremely c r i t i c a l  t o  develop a c o n s i s t e n t  theory,  

have been made, namely,  a n  equation of  energy balance and an 

i n e q u a l i t y  of entropy production. C e r t a i n  fundamental con- 

c e p t u a l  d i f f i c u l t i e s  have a r i sen ,  among them t h e  i n e r t i a  

terms i n  our R2 manifold,  which have delayed progress .  
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Since  funds a i e  s t i l l  a v a i l a b l e  t o  complete t h i s  a spec t  of 

our  work, w e  have requested a s i x  months' extension of t h e  

terminat ion d a t e  of t he  Grant from A p r i l  30, 1966 t o  

October 31, 1966. We be l i eve  w e  w i l l  complete t h e  thermo- 

e l a s t i c  theory of d i r e c t e d  su r faces  by t h e  l a t t e r  da t e .  


